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COMPLEMENTARY METAL OXIDE
SEMICONDUCTOR (CMOS) DEVICE
HAVING GATE STRUCTURES CONNECTED
BY A METAL GATE CONDUCTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. patent application
Ser. No. 13/342.435, filed Jan. 3, 2012 the entire content and 1©
disclosure of which 1s incorporated herein by reference.

BACKGROUND

The present disclosure relates to semiconductor devices, 15
and more particularly to electrical contacts to the gate struc-
tures of semiconductor devices.

Current complementary metal oxide semiconductor
(CMOS) technology uses silicides as contacts to source/drain
(S/D) regions and gate structures of the n-type and p-type 20
semiconductor devices. In order to be able to make integrated
circuits (ICs), such as CMOS devices, of higher integration
density than currently feasible, one has to find ways to further
downscale the dimensions of field effect transistors (FET's).
Scaling achieves compactness and improves operating per- 25
formance 1n devices by shrinking the overall dimensions and
operating voltages of the device while maintaining the
device’s electrical properties. However, with increased scal-
ing, the etch processes that are typically used in forming the
semiconductor devices may not have the controllability thatis 30
required for manufacturing.

SUMMARY

In one embodiment, a complementary metal oxide semi- 35
conductor (CMOS) device 1s provided that includes a sub-
strate including at least one first active region and at least one
second active region, wherein each of the at least one first
active region and each of the at least one second active region
ol the substrate are separated from one another by ani1solation 40
region positioned therebetween. An n-type semiconductor
device 1s present on at least one of the first active regions of
the substrate, in which the n-type semiconductor device
includes a first portion of a gate structure including at least
one gate conductor layer. A p-type semiconductor device 1s 45
present on at least one of the second active regions of the
substrate, 1n which the p-type semiconductor device includes
a second portion of the gate structure that includes the at least
one gate conductor layer. Electrical connectivity between the
first portion of the gate structure and the second portion of the 50
gate structure 1s provided by a connecting gate portion that 1s
present on the i1solation region. An interconnect 1s 1n direct
contact with an upper surface of the at least one gate conduc-
tor layer of the connecting portion of the gate structure. A
dielectric cap layer 1s present on the upper surface of the first 55
portion of the gate structure in the at least one first active
region, and 1s present on the upper surface of the second
portion of the gate structure in the at least one second active
region.

In another aspect, a method of forming a complementary 60
metal oxide semiconductor (CMOS) device 1s provided,
which in one embodiment may include
forming at least one 1solation region 1n a substrate to provide
at least one first active region and at least one second active
region, and forming a gate structure extending across the at 65
least one 1solation region and spanning from the at least one
first active region to the at least one second active region. The

2

gate structure includes at least one gate dielectric layer, at
least one gate conductor layer, and at least one dielectric cap

layer. A first source region and a first drain region of a {first
conductivity type are formed on opposing sides of the gate
structure 1n the at least one first active region. A second source
region and a second drain region of a second conductivity
type are formed on opposing sides of the gate structure in the
at least one second active region. An opening 1s formed 1n a
portion of the at least one dielectric cap layer to expose a
contact portion of the at least one gate conductor layer over
the at least one 1solation region, 1n which a remaining portion
of the at least one dielectric cap layer 1s present over the at
least one first active region and the at least one second active
region. An interconnect 1s formed 1n direct contact with the
contact portion of the at least one gate conductor layer.

DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the disclosure solely
thereto, will best be appreciated in conjunction with the
accompanying drawings, wherein like reference numerals
denote like elements and parts, in which:

FIG. 1A 1s a top down planar view of a substrate including,
first active regions and second active regions, wherein each of
the first active regions and each of the second active regions of
the substrate are separated by from one another by an 1sola-
tion region positioned therebetween, 1n accordance with one
embodiment of the present disclosure.

FIG. 1B 1s a side cross-sectional view along section line
B-B of FIG. 1A.

FIG. 2A 1s atop down planar view that depicts forming gate
structures extending across the 1solation region and spanning,
from the first active regions to the second active regions,
wherein each of the gate structures includes a dielectric cap
layer, a semiconductor gate conductor layer, a metal gate
conductor layer and a gate dielectric layer, 1n accordance with
one embodiment of the present disclosure.

FIG. 2B 1s a side cross-sectional view along section line
B-B of FIG. 2A.

FIG. 2C 1s a side cross-sectional view along section line
C-C of FIG. 2A.

FIG. 3A 1s a top down planar view that depicts forming an
opening 1n a portion of the dielectric cap layer to expose a
contact portion of the semiconductor gate conductor layer
over the 1solation region, wherein a remaining portion of the
dielectric cap layer 1s present over the first active regions and
the second active regions, 1n accordance with one embodi-
ment of the present disclosure.

FIG. 3B 1s a side cross-sectional view along section line
B-B of FIG. 3A.

FIG. 3C 1s a side cross-sectional view along section line
C-C of FIG. 3A.

FIG. 3D 1s a side cross-sectional view along section line
D-D of FIG. 3A.

FIG. 4A 15 a top down planar view that depicts forming a
metal semiconductor alloy 1n the opening through the dielec-
tric cap layer, wherein the metal semiconductor alloy 1s only
present over the 1solation region and does not extend over the
first active regions and the second active regions, 1n accor-
dance with one embodiment of the present disclosure.

FIG. 4B 1s a side cross-sectional view along section line
B-B of FIG. 4A.

FIG. 4C 1s a side cross-sectional view along section line
C-C of FIG. 4A.

FIG. 4D 1s a side cross-sectional view along section line
D-D of FIG. 4A.
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FIGS. 5A and 5B depict forming an interconnect in contact
with the metal semiconductor alloy depicted in FIGS. 4 A-4D,

in which FIG. 5A 1s a side cross-sectional view along section
line C-C as depicted 1n FIG. 4B and FIG. 5B 1s a side cross-
sectional view along section line D-D as depicted 1n FI1G. 4B,
in accordance with one embodiment of the present disclosure.

FIGS. 6 A-6C depict another embodiment of the present
disclosure 1n which gate structures are formed extending
across the 1solation region and spanning from the first active
regions to the second active regions, in which each of the gate
structures includes a dielectric cap layer over a metal gate
conductor layer that 1s present over a gate dielectric layer.
FIG. 6A 1s a top down planar view. FIG. 6B 1s a side cross-
sectional view along section line B-B as depicted in FIG. 6A.
FIG. 6C 1s a side cross-sectional view along section line C-C
as depicted i FIG. 6A.

FIGS. 7A and 7B depict forming a contact 1n electrical
contact with the exposed portion of the metal gate conductor
layer depicted in FIGS. 6 A-6D, in which FIG. 7A 1s a side
cross-sectional view along section line C-C as depicted 1n
FIG. 6B and FIG. 7B 1s a side cross-sectional view along
section line D-D as depicted 1n FIG. 6B, in accordance with
one embodiment of the present disclosure.

DETAILED DESCRIPTION

Detailled embodiments of the present disclosure are
described herein; however, 1t 1s to be understood that the
disclosed embodiments are merely 1llustrative of the methods
and structures that may be embodied 1n various forms. In
addition, each of the examples given 1n connection with the
various embodiments of the disclosure 1s mntended to be 1llus-
trative, and not restrictive.

Further, the figures are not necessarily to scale, some fea-
tures may be exaggerated to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled 1n the
art to variously employ the methods and structures of the
present disclosure.

It has been determined that removing the dielectric cap
layer from the upper surface of a semiconductor gate conduc-
tor layer prior to forming a metal semiconductor alloy, such as
a silicide contact, on the portion of the gate structure that 1s
overlying the channel region of semiconductor devices may
become particularly challenging as semiconductor devices
are scaled to increasing smaller dimensions. For example, 1f
the etch process for removing the dielectric cap layer does not
remove the gate dielectric cap 1n 1ts entirety, yield of semi-
conductor devices during manufacturing may be degraded. In
another example, the etch process for removing the dielectric
cap from the portion of the gate conductor that 1s overlying the
channel damages the dielectric spacers that are abutting the
gate structure, which may degrade semiconductor device per-
formance.

FIGS. 1A-5B depict one embodiment of the present dis-
closure that overcomes the above disadvantages by removing
a portion of the dielectric cap layer 20 of the gate structure
10a, 105 to expose an underlying portion of the semiconduc-
tor gate conductor layer 154 that 1s present on an 1solation
region 5, and by forming an interconnect 55 to the exposed
portion of the semiconductor gate conductor layer 15a.
Because the interconnect 55 1s formed to a portion of the gate
structure 10a, 105 that 1s present over the 1solation region 5,
the method of the present disclosure does not damage the
portions of the gate structure 10a, 105 that are present over the
active regions 25a, 255, 30a, 305 of the substrate 1 with the
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process steps that form the interconnect 55. Further, during
the process sequence that provides the imterconnect 55 to the
gate structures 10q, 105, the active regions 25a, 255, 30a, 305
themselves are protected from being damaged.

As used herein, a “semiconductor device” 1s an 1ntrinsic
semiconductor material that has been doped, 1.e., into which
a doping agent has been introduced, giving 1t different elec-
trical properties than the intrinsic semiconductor. Doping
involves adding dopant atoms to an intrinsic semiconductor,
which changes the electron and hole carrier concentrations of
the intrinsic semiconductor at thermal equilibrium. Dominant
carrier concentration in an extrinsic semiconductor deter-
mines the conductivity type of the semiconductor. Although
the semiconductor devices that are depicted in figures of the
present disclosure are field effect transistors (FET), 1t 1s noted
that any semiconductor device that includes a gate structure to
switch the device from an “on” state to an “off” state 1s
suitable for use with the methods and structures of the present
disclosure. A ““field effect transistor (FET)” 1s a semiconduc-
tor device 1n which the output current, 1.¢., source-drain cur-
rent, 1s controlled by the voltage applied to the gate. A FET
has three terminals, 1.e., gate structure, source region and
drain region. The term “gate structure” means a structure used
to control output current (1.e., flow of carriers 1n the channel)
of a semiconducting device through electrical or magnetic
fields.

In one embodiment, the method of the present disclosure
may begin with providing a substrate 1 including first active
regions 23a, 256 and second active regions 30a, 305, wherein
cach of the first active regions 25a, 255 and each of the second
active regions 30a, 300 of the substrate 1 are separated by
from one another by an isolation region 3 positioned therebe-
tween. Although the supplied figures only depict two first
active regions 25q, 256 and two second active regions 30a,
30b, 1t 1s not intended that the present disclosure be limited to
only this embodiment, as any number of active regions 25a,
25b, 30a, 300 1n the substrate 1 are within the scope of the
present disclosure. The substrate 1 may be composed of a
s1licon containing material. Silicon containing materials suit-
able for the substrate 1 include, but are not limited to, Si,
single crystal Si1, polycrystalline S1, S1Ge, single crystal sili-
con germamum, polycrystalline silicon germanium, or sili-
con doped with carbon, amorphous S1 and combinations and
multi-layers thereof. The substrate 1 may also be composed
of other semiconductor matenals, such as germanium, and
compound semiconductor substrates, such as type I11I/V semi-
conductor substrates, e.g., GaAs. Although the substrate 1 1s
depicted as a bulk semiconductor substrate, semiconductor
on insulator (SOI) substrate arrangements, such as silicon on
insulator substrates, are also suitable for the substrate 1.

The substrate 1 may be etched to provide a trench that
defines the at least one first active region 25a, 255 and the at
least one second active region 30a, 305. In one embodiment,
the trench 1s formed using a dry etching process, such as
reactive-ion etching (RIE) or plasma etching. Following for-
mation, the trench 1s filled with a dielectric to provide an
1solation region 5. Prior to deposition of the fill dielectric, the
trenches may be lined with a liner material that may function
as a diflusion barrier, e€.g., a silicon nitride liner. Chemaical
vapor deposition (CVD) or another like deposition process
may be used to {ill the trench with a dielectric matenal, such
as silicon oxide (S10.,). The dielectric that 1s deposited within
the trench may optionally be densified after deposition. A
planarization process, such as chemical-mechanical polish-
ing (CMP), may optionally be used to provide a planar struc-
ture.
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The terms “active” as used to describe the first active
regions 25a, 256 and the second active regions 30a, 305
means that the designated portion of the substrate 1 contains
at least the channel region, the source region and the drain
region of a semiconductor device. In some embodiments, a
raised source region and a raised drain region may be con-
tained within the active region. In one embodiment, the first
active regions 25a, 25b provide the site for a subsequently
tormed n-type semiconductor devices, and the second active
regions 30a, 306 provide the sites for subsequently formed
p-type semiconductor devices. In this example, the first active
regions 25a, 256 may include a well region of a p-type con-
ductivity, and the second active regions 30a, 3056 may include
a well region of an n-type conductivity. As used herein, the
term “‘conductivity type” denotes a dopant region being
p-type or n-type. As used herein, “p-type” refers to the addi-
tion of impurities to an intrinsic semiconductor that creates
deficiencies of valence electrons. In a semiconductor material
from group IV of the Periodic Table of Flements, such as
s1licon, examples of n-type dopants, 1.e., impurities, include
but are not limited to, boron, aluminum, gallium and indium.
As used herein, “n-type” refers to the addition of impurities
that contributes free electrons to an intrinsic semiconductor.
In a semiconductor material from group IV of the Periodic
Table of Elements, examples of n-type dopants, 1.e., impuri-
ties, include but are not limited to antimony, arsenic and
phosphorous. The concentration of dopant in the well region
of the first active regions 25a, 255, and/or the second active
regions 30a, 305 may range from lel6 atoms/cm” to 1e20
atoms/cm”.

FIGS. 2A-2C depict one embodiment of forming gate
structures 10a, 105 extending across the 1solation region 5
and spanmng from the first active regions 23a, 255 to the
second active regions 30a, 30b. Each of the gate structures
10a, 106 may include at least one dielectric cap layer 20, at
least one semiconductor gate conductor layer 154, at least one
metal gate conductor layer 155 and at least one gate dielectric
layer 4.

The at least one gate dielectric layer 4 can be formed by a
thermal growing process, such as, e.g., oxidation, nitridation
or oxynitridation. Alternatively, the at least one gate dielectric
layer 4 can be formed by a deposition process such as, for
example, chemical vapor deposition (CVD), plasma-assisted
CVD, atomic layer deposition (ALD), evaporation, reactive
sputtering, chemical solution deposition and other like depo-
sition processes. The at least one gate dielectric layer 4 may
also be formed utilizing any combination of the above pro-
CEeSSes.

The at least one gate dielectric layer 4 may be comprised of
an mnsulating material including, but not limited to, an oxide,
nitride, oxynitride and/or silicate. In one embodiment, the at
least one gate dielectric layer 4 may be comprised of an oxide
such as, for example, S10,, H1O,, ZrO,, Al,O,, T10,, La,O,,
Sr110,, LaAlO,, and mixtures thereot, including the addition
of silicon and nitrogen. The at least one gate dielectric layer 4
may also be composed of a high-k dielectric material. As used
herein, the term “high-k™ denotes a dielectric material having
a dielectric constant at room temperature (e.g., 20° C. to 25°
C.) that 1s greater than the dielectric constant of silicon oxide
(S10,). For example, 1n one embodiment, the high-k dielec-
tric material that provides the at least one high-k gate dielec-
tric layer 4 may have a dielectric constant at room tempera-
ture, and atmospheric pressure, e.g., 1 atm, of 4.0 or greater.
In another embodiment, the high-k dielectric material that
provides the at least one gate dielectric layer 4 has a dielectric
constant that 1s greater than 7.0. The high-k dielectric material
of the at least one gate dielectric layer 4 may include, but 1s not
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limited to, an oxide, nitride, oxynitride and/or silicate includ-
ing metal silicates and nitrided metal silicates. In one embodi-
ment, the at least one gate dielectric layer 4 1s comprised of an
oxide such as, for example, HIO,, ZrO,, Al,O,, T10,, La,O;,
Sr110;, LaAlO,, Y O, and mixtures thereof. Other examples
of high-k dielectrics suitable for use as the at least one gate
dielectric layer 4 in the present method include hatnium sili-
cate and haitnium silicon oxynitride. The physical thickness
of each layer of the at least one gate dielectric layer 4 may
vary, but typically, the at least one gate dielectric layer 4 has
a thickness from 0.5 nm to 10 nm, with a thickness from 0.5
nm to 3 nm being more typical. After forming the at least one
gate dielectric layer 4, blanket material layers for the gate
clectrodes are formed on the at least one gate dielectric layer
4 utilizing a deposition process, such as physical vapor depo-
sition (PVD), CVD or evaporation. Although the at least one
gate dielectric layer 4 1s depicted as being a single material
layer 1n the supplied figures, 1t 1s noted that the at least one
gate dielectric layer 4 may be a multilayered structure of any
number of dielectric compositions.

The gate electrode of the gate structures 10a, 105 may be a
multilayered structure including at least one metal gate con-
ductor layer 155 that 1s present 1n direct contact with the at
least one gate dielectric layer 4, and at least one semiconduc-
tor gate conductor layer 15a that 1s present on the at least one
metal gate conductor layer 1556. In one embodiment, the at
least one metal gate conductor layer 155 1s formed 1n direct
contact with the gate dielectric layer 4. By “metal gate con-
ductor layer” 1t 1s meant that the conductive structure 1s com-
posed of metal elements, and that the metal gate conductor
layer 1s not composed of a semiconductor element. The only
possibility of semiconductor elements 1n the metal gate con-
ductor layer 1s from intermixing, which would only be at the
interface between the at least one metal gate conductor layer
155 and the at least one semiconductor gate conductor layer
15a. Examples of metals that can be used for the at least one
metal gate conductor layer 155 include, but are not limited to:
Al, W, Cu, Ti1 or other like conductive metals.

Although only one metal gate conductor layer 155 1s
depicted 1n FIGS. 2A-2C, 1t1s noted that the at least one metal
gate conductor layer 1556 may be a multilayered structure
having any number of metal compositions. Each layer of the
at least one metal gate conductor layer 155 may have a thick-
ness ranging from 1 nm to 30 nm. In another embodiment, the
at least one metal gate conductor layer 155 has a thickness
ranging from 2 nm to 7 nm.

In some embodiments, the at least one metal gate conduc-
tor layer 1556 may be composed of a work function metal
layer. In one embodiment, 1n which the semiconductor device
1s an n-type semiconductor device, such as an nFET, the work
function metal layer that provides the at least one metal gate
conductor layer 155 1s an n-type work function metal layer.
As used herein, an “n-type work function metal layer” 1s a
metal layer that effectuates an n-type threshold voltage shatt.
As used herein, “threshold voltage™ 1s the lowest attainable
gate voltage that will turn on a semiconductor device, e.g.,
transistor, by making the channel of the device conductive.
“N-type threshold voltage shiit” as used herein means a shift
in the Fermi energy of an n-type semiconductor device
towards a conduction band of silicon 1n a silicon-containing
substrate of the n-type semiconductor device. The “conduc-
tion band” 1s the lowest lying electron energy band of the
doped material that 1s not completely filled with electrons. In
one embodiment, the work function of the n-type work func-
tion metal layer ranges from 4.1 €V to 4.3 V. In one embodi-
ment, the n-type work function metal layer 1s composed of at

least one of T1Al, TaN, TiN, HIN, or combinations thereof.
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The n-type work function metal layer can be deposited using
chemical vapor deposition (CVD), atomic layver deposition
(ALD), sputtering or plating. In one embodiment, the n-type
work function metal layer 1s composed of titantum aluminum
(T1Al) and 1s deposited using sputtering. Examples of sput-
tering apparatus that may be suitable for depositing the n-type
work function metal layer include DC diode type systems,
radio frequency (RF) sputtering, magnetron sputtering, and
ionized metal plasma (IMP) sputtering.

In another embodiment, in which the semiconductor
device 1s a pFET, the at least one metal gate conductor layer
156 may be a p-type work function metal layer. As used
herein, a “p-type work function metal layer” 1s a metal layer
that effectuates a p-type threshold voltage shift. In one
embodiment, the work function of the p-type work function
metal layer ranges from 4.9 €V to 5.2 €V. The term “p-type
threshold voltage shift” as used herein means a shift 1n the
Fermi energy of a p-type semiconductor device towards a
valence band of silicon 1n the silicon containing substrate of
the p-type semiconductor device. A “valence band” 1s the
highest range of electron energies where electrons are nor-
mally present at absolute zero.

In one embodiment, the p-type work function metal layer
may be composed of titanium and their mitrided/carbide. In
one embodiment, the p-type work function metal layer 1s
composed of titanium nitride (TiN). The p-type work function
metal layer may also be composed of T1AIN, Ru, Pt, Mo, Co
and alloys and combinations thereot. In one embodiment, the
p-type work function metal layer comprising titanium nitride
(TiN)may be deposited by a physical vapor deposition (PVD)
method, such as sputtering. Examples of sputtering apparatus
that may be suitable for depositing the p-type work function
metal layer include DC diode type systems, radio frequency
(RF) sputtering, magnetron sputtering, and ionized metal
plasma (IMP) sputtering. In addition to physical vapor depo-
sition (PVD) techniques, the p-type work function metal layer
may also be formed using chemical vapor deposition (CVD)
and atomic layer deposition (ALD).

In one embodiment, a semiconductor gate conductor layer
15a 1s formed 1n direct contact with the metal gate conductor
layer 156. By “‘semiconductor gate conductor layer” it 1s
meant that the gate conductor 1s composed of semiconductor
clement that 1s free of metal elements. The semiconductor
gate conductor layer 154 may be composed of a silicon con-
taining material. Examples of silicon containing materials
suitable for the semiconductor gate conductor layer 15a
include, but are not limited to, silicon, single crystal silicon,
polycrystalline silicon, silicon germanium, and amorphous
s1licon.

In one embodiment, the at least one semiconductor gate
conductor layer 154 1s provided by a doped semiconductor,
such as n-type doped polysilicon. Although the at least one
semiconductor gate conductor layer 154 1s depicted as being
a single material layer, 1t 1s noted that the at least one semi-
conductor gate conductor layer 15a may be composed of any
number of semiconductor layers having any number of com-
positions. The at least one semiconductor gate conductor
layer 15a may have a thickness that 1s as great as 100 nm. In
another embodiment, at least one semiconductor gate con-
ductor layer 15a may have a thickness ranging from 10 nm to
20 nm.

In one embodiment, the at least one semiconductor gate
conductor layer 15a 1s deposited and then doped by 1on
implantation. The material for the semiconductor gate con-
ductor layer 15 may be deposited using chemical vapor
deposition (CVD). Vanations of CVD processes suitable for
depositing the material that provides the at least one semi-
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conductor gate conductor layer 15a include, but are not lim-
ited to, Atmospheric Pressure CVD (APCVD), Low Pressure

CVD (LPCVD) and Plasma Enhanced CVD (EPCVD),
Metal-Organic CVD (MOCVD) and others. The at least one
semiconductor gate conductor layer 154 may be doped using
ion 1implantation following the deposition of the material for
the at least one semiconductor gate conductor layer 15a. In
another embodiment, the at least one semiconductor gate
conductor layer 15a may be in-situ doped as the material layer
for the at least one semiconductor gate conductor layer 13a 1s
formed. The dopant concentration 1n the semiconductor gate
conductor layer 15a may range from 1x10'” atoms/cm” to
1x10°" atoms/cm”.

The at least one dielectric cap layer 20 may present in direct
contact with the at least one semiconductor gate conductor
layer 15a. The at least one dielectric cap layer 20 may be
composed of a dielectric material that can be etched selec-
tively to the at least one semiconductor containing gate con-
ductor 15a. For example, the at least one dielectric cap layer
20 may be composed of an oxide, mitride or oxynitride mate-
rial. It 1s noted that the above materials for the at least one
dielectric cap layer 20 are provided for illustrative purposes
only, and are not intended to limait the present disclosure, as
any dielectric material may be utilized for the at least one
dielectric cap layer 20. For example, any material having a
room temperature, e.g., 20° C. to 25° C., conductivity that 1s
less than about 107'°(Q-m)™" may be employed for the at
least one dielectric cap layer 20. In one embodiment, the at
least one dielectric cap layer 20 may have a thickness that 1s
as great as 70 nm. In another embodiment, the dielectric cap
layer 30 may have a thickness ranging from 10 nm to 20 nm.
Although the at least one dielectric cap layer 20 1s depicted as
a single material layer 1n the supplied figures, the at least one
dielectric cap layer 20 may be composed of any number of
material layers, and may include any number of composi-
tions.

In one embodiment, the gate structures 10a, 105 are
tformed by depositing blanket layers for each of the at least
one gate dielectric layer 4, the at least one metal gate conduc-
tor layer 155, the at least one semiconductor gate conductor
layer 154, and the at least one dielectric cap layer 20 to form
a gate stack, and then patterning and etching are performed on
the gate stack to form the gates structures 10a, 1056. More
specifically, a pattern 1s produced on the gate stack by apply-
ing a photoresist to the surface to be etched, exposing the
photoresist to a pattern of radiation, and then developing the
pattern into the photoresist utilizing a resist developer. Once
the patterning of the photoresist 1s completed, the sections
covered by the photoresist are protected, while the exposed
regions are removed using a selective etching process that
removes the unprotected regions. As used herein, the term
“selective” 1n reference to a material removal process denotes
that the rate of material removal for a first material 1s greater
than the rate of removal for at least another material of the
structure to which the material removal process 1s being
applied. For example, a first material may be removed with a
selectivity of greater than 100:1 to a second matenial. It 1s
noted that separate material stacks may be formed for to
provide each of the gate structures 10a, 105 so that the com-
positions for the first gate structure 10a may differ from the
second gate structure 105. The remaining portion of the gate
stacks that provides the gate structures 10a, 106 1s positioned
on at least channel region of the first active regions 25a, 255
and the second active regions 30q, 30b. In the embodiment
that 1s depicted 1n FIGS. 2A-2C, each of the first and second
gate structures 10a, 105 extend from a first active region 25a,
235b, across the 1solation region 5 to a second active region
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30a, 30b. Although only two gate structures 10a, 1056 are
depicted 1n the supplied figures, any number of gate structures
10a, 105 are within the scope of the present disclosure.

FIGS. 2A-2C also depict one embodiment of forming at
least one spacer 6 on the sidewall of the gate structures 10a,
105, and forming source regions 11a, 115, 11¢, 114 and drain
regions 12a, 1256, 12¢, 12d 1n the semiconductor substrate 1.
The matenal of the at least one spacer 6 1s typically a dielec-
tric material. For example, the at least one spacer 6 may be an
oxide, nitride or oxynitride material. In one example, the at
least one spacer 6 1s composed of silicon oxide. In another
example, the at least one spacer 6 1s composed of silicon
nitride. In one embodiment, the material layer for the at least
one spacer 6 may be formed using thermal growth or depo-
sition 1n combination with etching. In one embodiment, the at
least one spacer 6 was a width that ranges from 1.0 nm to 50.0
nm. In another embodiment, the at least one spacer 6 has a
width that ranges from 10.0 nm to 20.0 nm.

In one embodiment, the source regions 11a, 115, 11¢, 11d
and the drain regions 12a, 125, 12¢,12d are formed on oppos-
ing sides of the gate structures 10a, 105 within the substrate 1
for each of the first active regions 25q, 235 and the second
active regions 30a, 305. As used herein, the term *“source” 1s
a doped region 1n the semiconductor device, 1n which major-
ity carriers are flowing into the channel. As used herein, the
term “channel” 1s the region underlying the gate structure and
between the source region and drain region of a semiconduc-
tor device that becomes conductive when the semiconductor
device 1s turned on. The term “drain™ means a doped region 1n
semiconductor device located at the end of the channel, 1n
which carriers are tlowing out of the semiconductor device
through the drain. Each of the source regions 11a, 115, 11c,
114 and the drain regions 12a, 126, 12¢, 124 may include an
extension region and a deep implant region. In some embodi-
ments, the source regions 11a, 115, 11¢, 114 and the drain
regions 12a, 12b, 12¢, 124 may each include a halo dopant
region that 1s adjacent to the channel, wherein the halo dopant
region has a conductivity that 1s typically opposite the exten-
sion regions and the deep implant regions. In the embodi-
ments, 1n which the first active regions 25a, 255 are processed
to provide the sites for n-type semiconductor devices, the
source and drain regions 11a, 12a, 11d, 124 are doped to an
n-type conductivity. In the embodiments, 1n which the second
active regions 30a, 305 are processed to provide the sites for
p-type semiconductor devices, the source and drain regions
1156, 125, 11¢, 12d are doped to a p-type conductivity. The
dopant for the source and drain regions 11a, 115, 11c¢, 114,
12a, 125, 12¢, 12d may be introduced to the first and second
active regions 25a, 25b, 30a, 305 of the substrate 1 using 10n
implantation.

In one embodiment, forming the source and drain regions
11a,115,11c¢,11d,12a,12b, 12¢,12d includes forming a first
block mask (not shown) over the at least one second active
region 30a, 305, implanting the first conductivity type dopant
to provide the source regions 11a, 114 and the drain regions
12a, 124 1n the at least one first active region 25a, 25b,
removing the first block mask, forming a second block mask
(not shown) over the at least one first active region 23a, 25b,
and 1mplanting the second conductivity type dopant to pro-
vide the source regions 115, 11¢ and the drain regions 125,
12¢ 1n the at least one second active region 30a, 306. The
concentration of dopant 1n the source and drain regions 11a,
116,11c,11d,12a,12b,12¢, 12d of the first active region 234,
25b, and/or the second active region 30a, 306 may range from
1x10'® atoms/cm’ to 1x10°" atoms/cm”.

In addition to the “gate first” process sequence that 1s
described above, 1n which the gate structure 15 formed prior
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to the source regions and the drain regions. The methods and
structures disclosed herein are equally applicable to a “gate
last” (also referred to as “replacement gate”) sequence. In a
“ogate last” process sequence, a replacement gate 1s first
formed on the portion of the active device regions that provide
the channel region of the semiconductor device. The source
and drain regions may then be formed 1n the active device
region while the replacement gate 1s 1n place. Following the
formation of the source and drain regions, the replacement
gate 1s removed and a functional gate structure 1s formed 1n
its’ place. In some embodiments, the “gate last” process
sequence may be employed to avoid subjecting the functional
gate structure to the activation anneal for the source and drain
regions. In a “gate first” process the activation anneal 1s typi-
cally performed after doping the source and drain regions.

FIGS. 3A-3D depict one embodiment of forming an open-
ing 40 1n a portion of the at least one dielectric cap layer 20 to
expose a contact portion of the at least one semiconductor
gate conductor layer 155 over the 1solation region 5. The
opening 40 may be formed using, photolithography, and
selective etch processing. More specifically, an etch mask
(not shown) may first be formed over the substrate 1 having an
opening 40 corresponding to the portion of the at least one
dielectric cap layer 20 that 1s over the 1solation region 5. The
etch mask may comprise soit and/or hardmask materials and
can be formed using deposition, photolithography and etch-
ng.

In one embodiment, the etch mask 1s composed of a pho-
toresist material. A patterned photoresist can be produced by
applying a blanket photoresist layer to the surface of the
substrate 1 covering the gate structures 10a, 105, exposing the
photoresist layer to a pattern of radiation, and then developing
the pattern into the photoresist layer utilizing resist developer.
In another embodiment, the etch mask 1s composed of a
hardmask maternial. In one example, the hardmask may be
composed ol a nitride-containing material, such as silicon
nitride. It 1s not intended that the etch mask be limited to only
silicon nitride, as the composition of the hardmask may
include any dielectric material that may be deposited by
chemical vapor deposition (CVD) and related methods. Other
hardmask compositions for the etch mask may include silicon
oxides, silicon oxynitrides, silicon carbides, silicon carboni-
trides, etc. Spin-on dielectrics may also be utilized as a hard-
mask material including, but not limited to, silsequioxanes,
siloxanes, and boron phosphate silicate glass (BPSG). In one
embodiment, an etch mask comprising a hardmask material
may be formed by blanket depositing a layer of hardmask
material, providing a patterned photoresist atop the layer of
hardmask material, and then etching the layer of hardmask
material to provide an etch mask protecting at least the por-
tion of the gate structures 10a, 105 overlying the first active
regions 25a, 25b and the second active regions 30a, 305. The
opening formed 1n the layer of the hardmask material exposes
a portion of the dielectric cap layer 20 that 1s present over
1solation region 5 that 1s removed to provide the opening.

In one embodiment, following formation of the etch mask,
the exposed portion of the at least one dielectric cap layer 20
that 1s present over the 1solation region 3 1s removed using an
etch process to expose a contact portion of the at least one
semiconductor gate conductor layer 15a. In one embodiment,
the exposed portion of the at least one dielectric cap layer 20
1s removed by an etch that 1s selective to the underlying at
least one semiconductor gate conductor layer 15a, as well as
being selective to the etch mask. In one embodiment, the etch
process may be an anisotropic etch process, such as reactive
ion etch (RIE). The opening 40 that 1s formed through the at
least one dielectric cap layer 20 may have a length L1 ranging
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from 10 nm to 1x10° nm, and a width W1 ranging from 10 nm
to 1x10® nm. In another embodiment, the opening 40 that is
formed through the at least one dielectric cap layer 20 may
have a length L1 ranging from 10 nm to 1000 nm, and a width
W1 ranging from 10 nm to 1000 nm. The opeming 40 may be
formed by a single mask, in which the opening through the
single mask 1s depicted as M1 1n FIG. 3A.

Following forming the opening 40 through the at least one
dielectric cap layer 20 that 1s over the 1solation region 3, a
remaining portion of the at least one dielectric cap layer 20 1s
present over and protecting at least a portion of the at least one
semiconductor gate conductor layer 154 that 1s present 1n the
first active regions 23a, 255, and the second active regions
30a, 305. In some embodiments, the etch mask that 1s
employed to form the opening 40 may remain over the first
active regions 235a, 25b and the second active regions 30a, 305
during the formation of the subsequently described metal
semiconductor alloy and the subsequently described inter-
connect. By remaining over the first and second active regions
25a, 25b,30a 305, the etch mask used to form the opening 40
though the at least one dielectric layer 20 protects the first and
second active regions 23a, 255, 30a, 305 from the following
process steps used to form the metal semiconductor alloy and
the interconnect.

FIGS. 4A-4D depict forming a metal semiconductor alloy
50 1n the opening through the at least one dielectric cap layer
20, wherein the metal semiconductor alloy 50 1s only present
over the 1solation region 5 and does not extend over the first
active regions 25a, 256 and the second active regions 30a,
306. A “metal semiconductor alloy™ 1s an alloy of ametal and
semiconductor. An alloy 1s mixture or solid solution, 1n which
the atoms of the metal are replacing or occupying interstitial
positions between the atoms of the semiconductor. Metal
semiconductor alloy 50 formation typically requires deposit-
ing a metal, such as cobalt, nickel, or titanium, onto the
surface of a semiconductor containing material. Following
deposition, the structure 1s subjected to an annealing process
such as, but not limited to, rapid thermal annealing. During
thermal annealing, the deposited metal reacts with semicon-
ductor forming a metal semiconductor alloy. For example, a
metal reacting with silicon as described above typically forms
a silicide. The remaining non-reacted metal 1s removed by an
etch process selective to metal semiconductor alloy 50. In one
example, the metal semiconductor alloy 30 may be composed
of mickel silicide (N1S1_ ). Other examples of compositions for
the metal semiconductor alloy 50 may include, nickel plati-
num silicide (N1Pt S1,), cobalt silicide (CoS1,), tantalum sili-
cide (TaS1), titanium silicide (11S1) and combinations
thereol. Because the remaining portion of the at least one
dielectric cap layer 20 is present over the first active regions
235a, 25b and the second active regions 30a, 305, the metal
semiconductor alloy 50 1s obstructed from being formed on
the portion of the at least one semiconductor gate conductor
155 that 1s present over first active regions 25a, 255 and the
second active regions 30a, 305. In some embodiments, the
etch mask used to form the opening may remain over the first
active regions 235a, 25b and the second active regions 30a, 305
to obstruct the metal semiconductor alloy from being formed
on the first active regions 25a, 256 and the second active
regions 30a, 30b. Therefore, the metal semiconductor alloy
50 1s only formed on the contact portion of the at least one
semiconductor gate conductor layer 15q that 1s exposed by
the opening in the at least one dielectric cap layer 20, which 1s
present over the 1solation region 5.

FIGS. SA and 5B depict one embodiment of forming inter-
connects 55 to the metal semiconductor alloy 350 that is
present over the 1solation region 5. The mterconnects 35 may

10

15

20

25

30

35

40

45

50

55

60

65

12

be formed through an interlevel dielectric layer (not shown)
that 1s blanket deposited over the substrate 1. The interlevel
dielectric layer may be selected from the group consisting of
silicon containing materials such as S10,, S1;N,, S1O.N_,

S1C, S1CO, S1COH, and S1CH compounds; the above-men-
tioned silicon containing materials with some or all of the S1
replaced by Ge; carbon doped oxides; imnorganic oxides; 1nor-
ganic polymers; hybrid polymers; organic polymers such as
polyamides or S1iILK™; other carbon containing materials;
organo-inorganic materials such as spin-on glasses and sils-
esquioxane-based materials; and diamond-like carbon (DLC,
also known as amorphous hydrogenated carbon, a-C:H).
Additional choices for the interlevel dielectric layer include
any of the atorementioned materials 1n porous form, or 1n a
form that changes during processing to or from being porous
and/or permeable to being non-porous and/or non-permeable.
The interlevel dielectric layer may then patterned and etched
to form via holes to the metal semiconductor alloy 50 that 1s
present over the 1solation region 5. Following via formation,
interconnects 55 are formed by depositing a conductive metal
into the via holes using deposition methods, such as CVD,
sputtering or plating. The conductive metal may include, but
1s not limited to: tungsten, copper, aluminum, silver, gold and
alloys thereof.

FIGS. 4A-4C depict a complementary metal oxide semi-
conductor (CMOS) device that includes a substrate 1 includ-
ing at least one first active region 25a, 255 and at least one
second active region 30a, 305, wherein each of the at least one
first active region 25a, 256 and each of the at least one second
active region 30a, 3056 of the substrate 1 are separated by from
one another by an 1solation region 3 positioned therebetween.
A semiconductor device 100a, 100¢ having n-type conduc-
tivity source and drain regions 11a, 12a, 11d, 124 (hereafter
referred to as n-type semiconductor device 100a) 1s present
on the least one of the first active region 25a, 256 of the
substrate 1. A semiconductor device 1005, 1004 having
p-type conductivity source and drain regions 115, 125, 11c,
12¢ (hereatter referred to as a p-type semiconductor device
1005) 1s present on at least one of the second active region
30a, 305 of the substrate 1.

The n-type semiconductor device 100a, 100¢ includes a
first portion of a gate structure 10a, 105 and the p-type semi-
conductor device 1005, 1004 1includes a second portion of the
gate structure 10a, 105, wherein the first and second portion
of the gate structure 10a, 105 are separated by a connecting
gate portion 90 that 1s present on the 1solation region 5. As
described above, each gate structure 10a, 106 includes at least
one gate dielectric layer 4, at least one metal gate conductor
layer 155, at least one semiconductor gate conductor layer
15a, and at least one dielectric cap layer 20. The at least one
dielectric cap layer 20 includes an opening there through over
the 1solation region 5. A metal semiconductor alloy 50 1s
present in the opening providing an electrical contact to the
connecting gate portion 90 of the gate structures 10a, 105
which 1s present over the 1solation region 5.

Electrical communication between the first portion of the
gate structure 10a, 105 of the n-type semiconductor device
1004, 100c¢ that 1s present on the first active region 25a, 255
and the second portion of the gate structure 10a, 1056 of the
p-type semiconductor device 1005, 1004 that 1s present on the
second active region 30a, 3056 1s provided by a metal gate
conductor layer 155 (also referred to as metal gate conductor
portion) that 1s common to both the first portion of the gate
structure 10q, 105 and the second portion of the gate structure
10a, 106. By “common’™ 1t 1s meant that the metal gate con-
ductor layer 155 of the first and second portions of the gate
structure 10a, 105 and the connecting portion 90 of the gate
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structure 10q, 106 are the same continuous metal gate con-
ductor layer 15b6. By “electrical communication™ it 1s meant
that the electrical signal that dictates the “on” and/or “off”
state of the n-type semiconductor device 100a, 100¢ and the
p-type semiconductor device 10056, 1004 1s transmitted from
the metal semiconductor alloy 50 to the underlying portion of
the semiconductor gate conductor layer 154 to the metal gate
conductor layer 155 over the 1solation region 5, and 1s then
transmitted from the portion of the metal gate conductor layer
155 that 1s over the i1solation region 5 to the portion of the
metal gate conductor layer 155 that 1s present over the chan-
nel region of the n-type and p-type semiconductor device
100a, 1005, 100c, 1004 1n the first and second active regions
23a, 25b, 30a, 30b of the substrate 1. The electrical signal
may be transmitted 1n both the doped silicon of the atleastone
semiconductor gate conductor layer 15q, and the metal gate
conductor layer 1556 over the 1solation region 5 that 1s between
the at least one first active region 254, 256 and the at least one
second active region 30a, 305.

FIGS. 6 A-7TB depict another embodiment of the present
disclosure, 1n which each gate structure 10¢, 104 1s formed
extending across the 1solation region 5 and spanning from a
first active region 23a, 2355, to a second active region 30a 305,
wherein the gate structure 10¢, 104 1include at least one dielec-
tric cap layer 200 over at least one metal gate conductor layer
150, 1n which the at least one metal gate conductor layer 150
1s present over at least one gate dielectric layer 400. The at
least one metal gate conductor layer 150 may be 1n direct
contact with the at least one dielectric cap layer 200, and the
at least one metal gate conductor layer 150 may be 1n direct
contact with the at least one gate dielectric layer 400. In this
embodiment, the gate structure 10c, 104 does not include a
semiconductor gate conductor layer. In this embodiment,
interconnects 55 extend through the at least one dielectric cap
layer 200 over the 1solation region 3 into direct contact with
an upper surface of the at least one metal gate conductor layer
150. In one embodiment, because a semiconductor gate con-
ductor layer 1s not present over the at least one metal gate
conductor layer 150, there are no metal semiconductor alloy
regions between the interconnects 55 and the at least one
metal gate conductor layer 150. Similar to the embodiments
described above with reference to FIGS. 1A-5B, a remaining
portion of the dielectric cap layer 200 1s present over the first
active regions 25a, 256 and the second active regions 30a,
30b6. Electrical contact by the interconnect 55 to the gate
structure 10¢, 104 1s only over the 1solation region 5.

The structure depicted 1n FIGS. 6 A-6C 1s similar to the
structure described above with reference to FIGS. 2A-2C.
The composition, dimensions and method of forming the at
least one dielectric cap layer 200 that 1s depicted 1n FIGS.
6 A-6C 1s similar to the composition, dimensions and method
of forming the at least one dielectric cap layer 20 that is
described above with reference to FIGS. 2A-2C. The compo-
sition, dimensions and method of forming the at least one
metal gate conductor layer 150 that 1s depicted in FIGS.
6A-6C 1s similar to the composition, dimensions and method
of forming the at least one metal gate conductor layer 155 that
1s described above with reference to FIGS. 2A-2C. The com-
position, dimensions and method of forming the gate dielec-
tric layer 4 that 1s depicted 1n FIGS. 6 A-6C 1s similar to the
composition, dimensions and method of forming the gate
dielectric layer 4 that 1s described above with reference to
FIGS. 2A-2C. The substrate 1, 1solation region 3, first active
regions 23a, 25b, second active regions 30a, 305, source
regions 11a, 1156, 11c¢, 114, and drain regions 12a, 125, 12c¢,
124 that are depicted in FIGS. 6A-6C have also been
described above with reference to FIGS. 1A-2C.
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FIGS. 7A and 7B depict forming an interconnect 55 1n
contact with the exposed surface of the metal gate conductor
layer 150. The interconnect 55 that 1s depicted in FIGS. 7A
and 7B 1s similar to the interconnect 55 that 1s depicted 1n
FIGS. 5A and 5B with the exception that the interconnect 55
depicted 1n FIGS. 5A and 5B 1s formed 1n direct contact with
a metal semiconductor alloy 50 that 1s formed atop the upper
surface of the semiconductor gate conductor layer 154, and 1n
FIGS. 7A and 7B the interconnect 55 1s 1n direct contact with
the upper surface of the metal gate conductor layer 150.
Theretore, the description of forming the interconnect 55 that
1s depicted 1n FIGS. SA and 5B 1s suitable for forming the
interconnect 53 that 1s depicted in FIGS. 7A and 7B.

The metal gate conductor 150 that 1s depicted 1n FIGS.
6A-7B provides electrical communication between the first
portion of the gate structure 10c¢, 104 of the n-type semicon-
ductor device 100a, 100c¢ that 1s present on the first active
regions 25a, 25b and the second portion of the gate structure
10c, 10d of the p-type semiconductor device 1005, 1004 that
1s present on the second active regions 30a, 305. The metal
gate conductor 150 1s common to both the first portion of the
gate structure 10c, 104 and the second portion of the gate
structure 10c¢, 10d. By “electrical communication™ 1t 1s meant
that the electrical signal that dictates the “on” and/or “off”™
state of the n-type semiconductor device 100a, 100¢ and
p-type semiconductor device 1005, 1004 1s transmitted from
the mterconnect 50 to the metal gate conductor layer 150 that
1s over the 1solation region 5, and 1s then transmitted from the
portion of the metal gate conductor layer 150 that 1s over the
1solation region 3 to the portion of the metal gate conductor
layer 150 that 1s present over the channel region of the n-type
and p-type semiconductor device 100a, 1005, 100¢, 1004 1n
the first and second active regions 25a, 255, 30a, 305 of the
substrate 1.

In some embodiments, the methods disclosed herein pro-
tect the gate structures that are overlying the active regions of
the substrate while removing the dielectric cap layer that 1s
over the gate structure 1 providing electrical contact to the
gate structures. The methods may also protect spacer integrity
in the active regions of the substrate. The gate conductors 1n
the active regions of the substrate are also protected for sili-
cidation processes that may short the devices.

While the claimed methods and structures has been par-
ticularly shown and described with respect to preferred
embodiments thereol, 1t will be understood by those skilled 1in
the art that the foregoing and other changes in form and
details may be made therein without departing from the spirit
and scope of the presently claimed methods and structures.

What 1s claimed 1s:
1. A method of forming a CMOS device, said method
comprising;

forming at least one 1solation region in a semiconductor
substrate to provide at least one first active region and at
least one second active region;

forming a gate structure extending across said at least one
1solation region and spanning from said at least one first
active region to said at least one second active region,
wherein said gate structure includes at least one gate
dielectric layer, at least one gate conductor layer, and at
least one dielectric cap layer;

forming a first source region and a first drain region of a
first conductivity type on opposing sides of said gate
structure 1n said at least one first active region, and a
second source region and a second drain region of a
second conductivity type on opposing sides of said gate
structure 1n said at least one second active region;



US 9,082,877 B2

15

forming an opening 1n a portion of said at least one dielec-
tric cap layer to expose a contact portion of said at least
one gate conductor layer over said at least one 1solation
region, wherein a remaining portion of said at least one
dielectric cap layer 1s present over said at least one first
active region and said at least one second active region;
and

forming an interconnect in direct contact with said contact

portion of said at least one gate conductor layer.

2. The method of claim 1, wherein said forming said first
source region, said first drain region, said second source
region, and said second drain region comprises:

forming a spacer adjacent to said gate structure 1n said at

least one first active region and said at least one second
active region;

forming a first block mask over said at least one second

active region;

implanting said first conductivity type dopant 1n said at

least one first active region to provide said {irst source
region and said first drain region;

removing said first block mask;

forming a second block mask over said at least one first

active region; and

implanting said second conductivity type dopant 1n said at

least one second active region to provide said second
source region and said second drain region.

3. The method of claim 2, wherein said first conductivity
type dopant 1s an n-type dopant and said second conductivity
type dopant 1s a p-type dopant.

4. The method of claim 2, wherein said at least one gate
conductor layer comprises a metal gate conductor layer over
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said at least one gate dielectric and a semiconductor gate
conductor layer over said metal gate conductor layer.

5. The method of claim 4, wherein prior to forming said
interconnect, a metal semiconductor alloy 1s formed on said
semiconductor gate conductor layer to provide said contact
portion of said gate structure.

6. The method of claim 5, wherein said metal semiconduc-
tor alloy that 1s formed on said contact portion of said gate
structure 1s only present over said i1solation region and does
not extend over at least one of said at least one {first active

region and said at least one second active region.

7. The method of claim 6, wherein said interconnect 1s 1n
direct contact with said metal semiconductor alloy.

8. The method of claim 7, wherein said interconnect com-
prises a conductive metal.

9. The method of claim 8, wherein said conductive material
1s formed by chemical vapor deposition, sputtering or plating.

10. The method of claim 2, wherein said at least one gate
conductor layer comprises a metal gate conductor layer over
said at least one gate dielectric.

11. The method of claim 1, wherein said interconnect 1s 1n
direct contact with said metal gate conductor layer.

12. The method of claim 1, wherein said forming said
opening 1n said portion of said at least one dielectric cap layer
to expose said contact portion of said at least one gate con-
ductor layer comprises photolithography and etching.

13. The method of claim 12, wherein said etching com-
prises an anisotropic etching process.

14. The method of claim 1, wherein said forming said gate
structure including providing a dielectric layer atop an upper-
most surface of said at least one gate conductor layer.
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